Summary.-August and Wistar rat lymph node cells were found to respond well to PHA stimulation and in mixed lymphocyte culture, as determined by an increased incorporation of 3H-thymidine. August rat lymph node cells were also stimulated by incubation with irradiated syngeneic tumour cells. Allogeneic Wistar rat lymph node cells produced a larger response to the August tumour cells. The response of syngeneic and allogeneic lymph node cells was reduced by pretreating the tumour cells with a Wistar anti-tumour serum. Pretreating the tumour cells with sera from normal or tumour bearing rats also reduced the response of syngeneic lymph node cells but did not reduce the response of allogeneic lymph node cells.
THE TRANSFORMATION of lymphocytes to large blast cells in active DNA synthesis occurs early in both antibody and cell mediated responses. These changes have been well documented following both in vivo and in vitro antigenic stimulation (Dutton, 1967) . Similar changes were also seen when lymphocytes from two individuals were ctultured together in a mixed lymphocyte culture (MLC) (Bain, Vas and Lowenstein, 1964; Bach and Hirschhorn, 1964) or when lymphocytes were stimulated by plant mitogens such as phytohaemagglutinin (PHA) (Hirschhorn et al., 1963) . Lymphocyte transformation can be conveniently measured in vitro by determining the extent to which lymphocytes incorporate radioactively labelled precursors of DNA (Ling, 1968) . Measurement of labelled thymidine has been used to detect stimulation of syngeneic lymphocytes in vitro by antigens on tumour cells, from patients with leukaemia and solid tumours (Fridman and Kourilsky, 1969; Stjernsward et al., 1970; Vanky, Stjernsward and Nilsonne, 1971a; Vanky et al., 1971b; Han and Wang, 1972; Gutterman et al., 1973; Mavligit, Hersh and McBride, 1973) .
In this sttudy the in vitro response of syngeneic and allogeneic rat lymph node cells to tumour cells was investigated by the same technique, and also the lymph node cell response to P-HA stimulation and MLC.
MATERIALS AND METHODS Animals.-Young adult male rats from 2 inbred strains were used: August rats from the NIMR colony and Wistar rats from the Imperial Cancer Research Fund Laboratories, Mill Hill.
Lymnph node cells. The axillary and cervical lymph nodes were excised from normal August and Wistar rats. The draining axillary lymph nodes were also excised from August rats which had received a syngeneic tumour graft 14-20 days earlier, the graft having been placed under the skin of the flank in an area whose lymphatic drainage was principally to the axillarv node.
The In some experiments the response was expressed as a stimulation index (SI) where SI= ct/min for stimulated cells/ct/min for unstimulated cells. In the case of one way mixed cell cultures the background incorporation by the stimulator cells (lymph node cells or tumour cells) was subtracted from the value for the mixed cell culture before calculating the SI.
PHA stimulation-.Serial dilutions of PHA (Welleome, purified) were prepared in culture medium and 0 5 ml aliquots of the dilutions were added to culture tubes containing 106 lymph node cells from normal August rats in 0.5 ml of medium. The final concentrations of PHA ranged from 0 04 to 4-0 ,ug/ml. These cultures were maintained for 3 days. In other experiments PHA at a level of 1 ,ug/ml was added to a series of tubes containing 106 lymph node cells from normal August rats and these cultures were terminated on Days 1-7. Lymph nodes draining the site of tumour transplants were also taken from August rats 14-20 days after they had received a syngeneic tumour graft. Cell suspensions were prepared from these nodes and cultured for 4 days with PHA (1 /tg/ml). In all experiments, control tubes containing lymph node cells without PHA were included and 3H-thymidine incorporation was determined in all cultures.
Mixed lymphocyte cultures (MLC).-In two-way MLC reactions 0 5 ml aliquots of medium containing 106 lymph node cells from normal August rats were mixed with 0-5 ml of medium containing 106 lymph node cells from normal Wistar rats. The level of 3H-thymidine incorporation was determined after 2-7 days of culture. In one-way MLC reactions, lymph node cells from one or other strain were first treated with mitomycin C, 25 ,ug/ml for 30 min at 37°C, followed by 3 washes in MEM-Tris. The treated cells were resuspended in MEM containing 10% rat serum and two-fold serial dilutions prepared ranging from 16 x 106 to 5 x 105 cells/ml. Aliquots of these dilutions were added to culture tubes containing 106 untreated lymph node cells from the other strain. In control tubes the mitomycin C treated cells were added to tubes containing 106 untreated cells from the same strain, while other tubes contained mitomycin C treated cells alone. The cultures were maintained for 4 days and the level of 3H-thymidine incorporation was determined.
Tumours.-Two chemically induced sarcomata were used, both induced in inbred August rats. Tumour B was induced with 3,4-benzpyrene in the form of a pellet (containing 10 mg) which was implanted under the skin of the flank. Tumour P was induced with 3-methylcholanthrene, 5 mg dissolved in 0 5 ml trioctanoin injected subcutaneously in the flank. The tumours were routinely transplanted at intervals of 14-20 days and all experiments were carried out on the first 40 serial transplants. The average tumour weight on Day 17 after transplantation was 6-9 g (±0-8 s.e.)
for tumour B and 5-5 g (+0 9) for tumour P. Both tumours were encapsulated and did not invade other tissues.
Tumour cell suspensions.-The tumours were excised and finely chopped before being irradiated with a dose of 15,000 rad from a 60Co source. The tissue was then teased apart with forceps and the cell suspension filtered through a 60-gauge stainless steel mesh. The cell suspension was washed 3 times in MEM-Tris and the pellet resuspended in 0-75% NH4C1 containing
Tris buffer at pH 7-2 to lyse any erythrocytes present. The cell suspension was then washed 3 times with MEM-Tris and resuspended in MEM containing 10% rat serum.
The background isotope incorporation of the irradiated tumour cells (106 cells/tube in a volume of 1 ml) was measured on the 3rd-6th day. In other experiments the cells were cultured for 4 days at two-fold dilutions ranging from 2 x 106 to 2-5 x 105 cells per tube and the 3H-thymidine incorporation measured.
Mixed lymph node cell-tumour cell cultures. Serum treatment of tumour cells before culture.-Irradiated tumour cells from tumour B were incubated with various sera before being put into culture. The sera were obtained from normal August rats, normal Wistar rats, tumour bearing August rats (transplanted 14-20 days earlier with tumour B) and from Wistar rats which had also been grafted with the August tumour B 14 days before but had rejected it. The sera were decomplemented and 10% solutions prepared in MEM-Tris. Aliquots of irradiated tumour cells at a concentration of 5 x 106/ml were incubated with the diluted sera for 1 h at 37°C (control cells were incubated in MEM-Tris alone). The cells were then washed 3 times in MEM-Tris and resuspended in culture medium. Aliquots (0.5 ml) containing 106 treated tumour cells were added to tubes containing 106 normal August or normal Wistar rat lymph node cells. Cultures containing 106 lymph node cells only and 106 preincubated tumour cells only were also included, the volume being made up to 1 ml with culture medium. The cultures were maintained for 4 days and the level of 3H-thymidine incorporation measured.
RESULTS

3H-thymidine incorporation by unstimulated lymph node cells in culture
Normal August rat lymph node cells were cultured alone for 1-7 days and the level of 3H-thymidine incorporation determined. The unstimulated lymph node cells incorporated very little thymidine (100-300 ct/min/culture) and this did not change significantly during the period of culture (Fig. 1) . The mean value for background isotope incorporation by 12 different lymph node cell preparations examined after 4 days in culture was 300 ct/min with a range of 90-600 ct/min/culture (Fig. 2) .
Cells obtained from lymph nodes draining the site of a growing syngeneic tumour (transplanted 14-20 days earlier) had a significantly higher level of isotope incorporation than cells from normal nodes, the mean value being 1500 ct/min compared with 300 ct/min (Fig. 2) . 4 to 0 04 ,tg/ml and the level of 3H-thymidine uptake was determined. Maximum stimulation was obtained at a concentration of 1 pg/ml and a substantial response at concentrations of 0-5 and 2 ,ug/ml (Fig. 3) , the level of isotope incorporation being as high as 105 ct/min/culture, representing a stimulation index of about 300 (SI ct/min for stimulated cells/ct/min for unstimulated cells).
The time course of the PHA induced stimulation was examined by culturing lymph node cells from normal August rats with PHA (1 jug/ml) and determining the isotope uptake on Days 1-7 (Fig. 1) . The maximum response was obtained on Days 3 and 4 but the size of the response varied with different preparations of lymph node cells (Fig. 2) , the values ranging from 4 x 104 to 2 X 105 ct/min/culture. Very similar results were obtained using lymph node cells from normal Wistar rats (Fig. 2) . Cells obtained from lymph nodes draining the area of tumour transplantation in syngeneic August rats (grafted 14-20 days earlier with tumour B) were cultured for 4 days with PHA (1 ,ug/ml). The isotope uptake by these cells was very similar to the values for PHA stimulated cells from normal August rats (Fig. 2) (Fig. 4) The response of Wistar rat lymph node cells to mitomycin C treated August rat lymph node cells was the same as the response of August rat lymph node cells to mitomycin C treated Wistar rat lymph node cells (Fig. 5) One-way MLC reactions performned using irradiated (2000 rad) lymph node cells as the stimulating cells instead of mitomycin C treated cells produced essentially the same reaction.
Stimulation of lymph node cells by irradiated tumour cells
Irradiated tumour cells were cultured alone for 3-6 days and the 3H-thymidine uptake was determined (Fig. 6 ). On Day 3 there was still some isotope uptake (1800 ct/min/106 cells) but on Days 4, 5 and 6 this had fallen to background levels (150-500 ct/min/106 cells).
In preliminary experiments, tumour cells were also treated with mitomycin C (50 ,ug/ml for 30 min) to block DNA synthesis, but the background level of isotope incorporation by these cells was found to be more variable than for irradiated tumour cells.
Syngeneic and allogeneic lymph node cells from normal animals were incubated for 4 days with irradiated tumour cells. Each tube contained 106 lymph node cells to which were added various numbers of tumour cells ranging from 0-25 to 2-0 x 106/tube. It was found that the syngeneic lymph node cells incorporated (Fig. 7) . Allogeneic Wistar rat lymph node cells were also stimulated by the irradiated tumour cells. The response produced was greater than that produced by syngeneic August rat lymph node cells and occurred over a wider range of tumour cell dilutions, but again the maximum response was usually obtained with equal numbers of lymph node cells and tumour cells and represents a stimulation index of 10-40 (Fig. 8) .
A similar experiment was performed using tumour P and the results obtained with both syngeneic and allogeneic LNC (Table) . However, it was found that pretreatment with serum from normal rats of either strain and serum from tumour bearing animals also reduced the response of syngeneic LNC, whereas the response of allogeneic lymph node cells was not reduced by these treatments in fact it was somewhat higher. Irradiated tumour cells pretreated with normal August serum, normal Wistar serum, Wistar anti-tumour serum, August tumour bearing rat serum or MEM were also cultured alone for 4 days and the 3H-thymidine incorporation was measured (Table) . No significant differences were found between the levels of isotope uptake by cells treated with the various sera or MEM and the incorporation was similar to the levels obtained for untreated cells used in other experiments.
The present study did not involve an extensive examination of the response of lymph node cells from syngeneic and allogeneic rats presensitized to the tumour. However, in a small number of cases where lymph node cells were taken from syngeneic tumour bearing rats and allogeneic rats that had rejected a tumour graft, the responses produced were similar to those obtained with lymph node cells from normal syngeneic and allogeneic rats.
DISCUSSION
The results obtained for lymph node cell stimulation by PHA and MLC are essentially the same as those reported by many workers using human and animal lymphocytes (Dutton, 1967; Ling, 1968) . Very large responses are produced by PHA stimulation and MLC reactions and these are due to stimulation of a large number of cells. Bain et al. (1964) reported that up to 5 % of the cells in a MLC respond while Bach and Hirschhorn (1964) suggest that a much higher percentage respond. PHA has been found to stimulate 30-80% of the cells in culture (Cowling, Quaglino and Davidson, 1963; Robbins, 1964; Dutton, 1967) . On the other hand, antigenic stimulation of lymph node cells from immunized donors stimulated only 1-5% of the cells present (Dutton, 1961; Cowling et al., 1963) .
It is well established that lymphocytes from patients with tumours of the lymphoid system have depressed PHA responsiveness, but there are conflicting reports concerning lymphocytes from patients with non-lymphoid tumours; some workers have observed reduced responsiveness and others a normal response (Lauder and Bone, 1973) . In the present study, the PHA response produced by LNC from rats bearing transplanted tumours was found to be normal; however, Gillette and Boone (1973) (Fridman and Kourilsky, 1969; Stjernsward et al., 1970; VXanky et al., 1971a, b; Han and Wang, 1972; Gutterman et al., 1973; Mavligit et al., 1973 (Anderson, McBride and Hersh, 1972) .
It has been demonstrated that the mixed lymphocyte reaction can be blocked by treating the stimulator cells with an antiserum directed against them (Milton et al., 1973; Nishihara and Fujii, 1973) . In the present study, it was expected that treatment of the tumour cells with a Wistar anti-tumour serum would block the mixed lymphocyte-tumour cell reaction, and that this type of inlhibition could be used as a test for anti-tumour antibody. Wistar anti-tumour serum did reduce the response of both syngeneic and allogeneic lymph node cells, but serum from normal rats of either strain and from tumour bearing animals also reduced the response of syngeneic lymph node cells.
In some human cases the lymphocyte blastogenic response to autologous tumour cells was blocked by adding serum from the same individual, though not all sera from tumour bearing patients have this property (Vanky et al., 1971b (Vanky et al., , 1973 Gutterman et al., 1973) . A small percentage of normal human sera also produced some blocking. Thus, it appears that some human tumours provoke a blastogenic response and production of a blocking factor, others provoke only a blastogenic response and some do not provoke any response. In the rat system preincubation of the tumour cells with serum from normal August or Wistar rats produced the same blocking effect as preincubation with serum from tumour bearing rats. Titration experiments might show a quantitative difference between the level of blocking factor in sera from normal and tumour bearing rats but it seems more likely that the effect was produced by normal serum components. The nature of these factors remains to be determined but preliminary experiments suggest that they are not present in the IgG fraction of normal serum and that they are not heat labile. Several serum factors which can interfere with the stimulation of lymphocytes have been described by other workers and may be involved in the blocking effect.
Nelson (1972) reported that normal mouse serum depressed the response of mouse spleen cells to PHA stimulation and MLC and that the factors responsible were not present in the IgG containing fraction of normal serum. ac globulins prepared from normal human serum have been shown to interfere with stimulation of lymphocytes by PHA and specific antigens (Cooperband et al., 1968) . On the other hand, Currie and Bagshawe (1967) 
